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(54) Printer 

(57) The present invention provides a printer which 
enables to prevent dispersion of a quantitative medium 
in a discharge medium during a wait period of time, so 
as to realize an accurate quantification of the quantita- 
tive medium to be mixed with the discharge medium, 
which enables an accurate gradation expression. 

The printer includes a printing head having quanti- 
tative nozzle communicating with a quantitative medium 
pressure chamber (53) into which a quantitative 
medium (45) is introduced and a discharge medium 
nozzle (66) communicating with a discharge medium 
pressure chamber (54) into which a discharge medium 
(49) is introduced. The quantitative medium (45) is 
made to seep out from the quantitative medium nozzle 
(64) toward the discharge medium nozzle (66) and after 
this, the discharge medium is discharged from the dis- 
charge medium nozzle to be mixed with the quantitative 
medium so that the mixture obtained is discharged. The 
quantitative medium nozzle (64) has an opening of. for 
example, a crescent shape, i.e., a circular shape with a 
cut-off portion, and is positioned in such a manner that 
the nearest point on the opening end of the quantitative 
medium nozzle from the center of figure of the quantita- 
tive medium nozzle faces the discharge medium nozzle 
which opens adjacently. 




FIG.4 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a printer for mixing and discharging a quantitative medium and a discharge 
medium, and more particularly, to a printer capable of forming an image of a high resolution as well as enhancing the 
productivity. 

to 

Description of the Prior Art 

In recent years, especially in business offices, "desktop publishing", i.e., document creation using a computer is 
widely spread, and a demand has been increased recently for outputting not only characters and graphics but also a 
15 color natural image such as a photograph together with characters and graphics, in order to answer such a demand, it 
has become necessary to print out a natural image of high quality requiring reproduction of halftones. 

Moreover, a so-called on<lemand type printer is being rapidly spread. This is a printer, in which, according to a con- 
trol signal outputted according to a recording signal, an ink droplet is discharged from a nozzle and applied to a medium 
such as a paper and a film only when necessary during a printing. Such a printer has a possibility to be reduced in size 
20 and cost 

For discharging an ink droplet, various methods have been suggested. Among them the most popular method 
employs a piezoelectric device or a heating device. The former is a method for discharging ink by applying a pressure 
to the ink by deformation of the piezoelectric device. The latter is a method for discharging ink by pressure of foams gen- 
erated in the ink heated to evaporate by the heating device. — 

25 Also, there have been suggested various methods for approximately reproducing gradation steps with the afore- 
mentioned halftones by using the on-demand type printer which discharges the aforementioned ink droplet. As a first 
method, the voltage level or pulse width of the voltage pulse to be applied to the piezoelectric device or the heating 
device is changed so as to control the size of the droplet to be discharged and to change the diameter of a printed dot. 
However, this method has a problem that if the voltage level or pulse width to be applied to the piezoelectric device 

30 or the heating device is decreased too much, ink discharging is disabled. Consequently, the minimum droplet diameter 
has a limitation, decreasing the number of gradation steps which can be expressed and disabling expression of a low 
concentration. That is, this method is insufficient for printing out a natural image. 

A second method does not change a dot diameter but employs a pixel composed of a matrix of, for example, 4x4 
dots. Gradation expression is realized on this matrix base by using an image processing method such as a so-called 

35 dither method and error diffusion method. 

This second method also enables to express 1 7 gradation steps when a single pixel is composed of a 4 x 4 matrix. 
However, this method also has a problem. For example, if a printing is carried out with the same dot density as in the 
first method, the resolution is decreased to 1/4 of the first method, and only a rough image can be obtained. That is, this 
method is also insufficient for printing out a natural image. 

40 in order to eliminate these problems, the inventors of the present invention have suggested a printer disclosed in 
Japanese Hatent Laid-Open Hei 5-201024 and Japanese Patent Laid-Open Hei 7-195682 in which ink is mixed with 
diluent, i.e.. a transparent solvent at a predetermined mixture ratio immediately before discharging and the diluted ink 
is discharged from a nozzle onto a recording material. Hereinafter, the term "carrier jet method" will be used to denote 
a printing method in which ink which is a quantitative medium is mixed with diluent which is a discharge medium and 

45 th discharge medium is discharged for carrying out recording. It should be noted that there is not problem in the afore- 
mentioned printer if the diluent is assumed to be a quantitative medium and the ink is assumed as a discharge medium. 

In such a carrier jet type printer, the quantity of the quantitative medium which is either ink or diluent is changed so 
as to change the mixture ratio of ink and diluent for controlling the concentration of a liquid mixture droplet discharged, 
enabling to modify the concentration of a printed dot. That is, the printer is capable of printing out a natural image having 

so a plenty of half tones without deteriorating the resolution. 

As such a printer of two-liquid mixing type, there can be exemplified a printer of so-called internal mixing type. This 
printer includes at least a discharge medium pressure chamber into which a discharge medium is introduced; a dis- 
charge medium nozzle which communicates with the discharge chamber; a quantitative medium pressure chamber into 
which a quantitative medium is introduced: and a connection section which connects the quantitative medium pressure 

55 chamber with the discharge medium nozzle. In this printer, the quantitative medium in the quantitative medium pressure 
chamber is introduced into the connection section where the quantitative medium is mixed with the discharge medium 
in the discharge medium nozzle, i.e., a liquid mixture is obtained from the quantitative medium and the discharge 
medium in the discharge medium nozzle, and the liquid mixture is discharged from the discharge medium nozzle. 
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However, in the aforementioned printer of internal mixing type, there is a problem that during a wait period when no 
mixing is to be carried out between the quantitative medium and the discharge medium, the quantitative medium is 
readily dispersed into the discharge medium in the discharge medium nozzle. Moreover, there is a problem that during 
a mixing-discharging operation for mixing the quantitative medium with the discharge medium, an unnecessary portion 
5 of discharge medium flows into the connection section or an unnecessary portion of the quantitative medium flows into 
the discharge medium. 

If dispersion occurs between a quantitative medium and a discharge medium, the discharge medium which is t for 
example, diluent is gradually colored, whereas the quantitative medium which is. for example, ink is diluted. This affects 
the concentration of a mixture droplet discharged and it becomes difficult to adjust an accurate concentration gradation. 

io The aforementioned flow-in of an unnecessary portion of the quantitative medium or the discharge medium is 
caused as follows, assuming that the quantitative medium is ink and the discharge medium is diluent. When a liquid 
mixture of a very low concentration is successively discharged, a pressure functions so that the diluent gradually 
intrudes into the connection section into which ink is introduced. On the contrary, when a liquid mixture of a very high 
concentration is successively discharged, a pressure functions so that the ink gradually intrudes into the discharge 

75 medium nozzle. In the former case, a mixture droplet of a low concentration is discharged when a mixture of a high con- 
centration is to be discharged. In the latter case, a mixture droplet of a high concentration is discharged when a mixture 
of a low concentration is to be discharged. This makes it difficult to obtain an accurate concentration gradation. 

To cope with this problem, the conventional printer employs a one-way valve made by electrofoming or the like, at 
the boundary between the connection section which is supplied with a quantitative medium and the discharge medium 

20 nozzle, so as to prevent dispersion of the quantitative medium and the discharge medium during a wait period as well 
as to prevent flow-in and mixing of unnecessary portions of the discharge medium and the quantitative medium during ' 
a mixing-discharging operation. 

However, the aforementioned one-way valve cannot completely shut out the quantitative medium and the discharge 
medium from each other during a wait period or completely prevent an unnecessary f bw-in of the quantitative medium 

25 and the discharge medium during a mixing-discharging operation. Thus, there is a difficulty to obtain an accurate con- 
centration gradation. Moreover, employment of such a one-way valve increases the production cost, deteriorating the 
productivity. 

Under these circumstances, there has been suggested a so-called printer of external mixing type as follows. This 
printer includes a quantitative medium pressure chamber into which a quantitative medium is introduced; a discharge 

30 medium pressure chamber into which a discharge medium is introduced; a quantitative medium nozzle which commu- 
nicates with the quantitative medium pressure chamber ; and a discharge medium nozzle which communicates with the 
discharge medium pressure chamber, wherein the quantitative medium nozzle and the discharge medium nozzle have 
openings adjacent to each other. A quantitative medium comes out of the quantitative nozzle, seeping along the nozzle 
opening so as to be brought into contact with the discharge medium introduced to a vicinity of the nozzle opening, so", 

35 that a liquid mixture is obtained before the discharge medium is discharged from the discharge medium nozzle, thus 
discharging the quantitative medium and the discharge medium as a liquid mixture. 

Because the quantitative medium nozzle and the discharge medium nozzle are formed separately from each other, 
there is no problem of dispersion of the quantitative medium and the discharge medium during a wait period; and the 
unnecessary flow-in during a mixing-discharging operation can also be prevented. 

40 As has been described above, in a printer in which a quantitative medium which is, for example, ink and a discharge 
medium which is, for example, diluent are mixed to be discharged, it is necessary to accurately control the mixing ratio 
of the ink and the diluent in order to accurately express a gradation step according to an image data. 

In order to achieve this, it is necessary that the ink is completely separated from the diluent during a wait state when 
no mixing is to be carried out between the ink and the diluent. If the ink is in contact with the diluent during the wait state, 

45 the ink flows into the nozzle of diluent and the diluent flows into the nozzle of the ink. This adversely affects the mixing 
ratio of the ink and the diluent for the following dot, disabling to accurately express a gradation step, and it is difficult to 
obtain a recorded image of a high resolution. 

It is indispensable to accurately carry out seeping of the quantitative medium from the quantitative medium nozzle, 
from which the quantitative medium is pushed out, toward the discharge medium nozzle, from which the discharge 

so medium is discharged, as well as the discharging of the discharge medium from the discharge medium nozzle so as to 
be mixed with the quantitative medium to be discharged together. For this, it is necessary to surely mix a predetermined 
quantity of the quantitative medium with the discharge medium in the discharge medium nozzle. 

SUMMARY OF THE INVENTION 

55 

It is therefore an object of the present invention to provide a printer which enables to prevent mixing of a quantitative 
medium and a discharge medium due to dispersion during a wait period so that an accurate quantity of the quantitative 
medium according to a gradation step is mixed with the discharge medium, enabling an accurate gradation expression. 
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In order to achieve the aforementioned object, the present invention provides a printer including a printing head 
having: a discharge medium pressure chamber into which a discharge medium is introduced; a quantitative medium 
pressure chamber into which a quantitative medium is introduced; a discharge medium nozzle which communicates 
with the discharge medium pressure chamber; and a quantitative medium nozzle which communicates with the quan- 
5 titative medium pressure chamber; the discharge medium nozzle and the quantitative nozzle having openings adjacent 
to each other, wherein the quantitative medium is made to seep out from the quantitative medium nozzle toward the dis- 
charge medium nozzle and after this, the discharge medium is discharged from the discharge medium nozzle so as to 
be mixed with the quantitative medium so that a mixture obtained is discharged, 

the printer being characterized in that the opening of the quantitative medium nozzle has such a configuration 
io that the distance between the center of the smallest circle including the opening and the nearest point on the opening 
of the discharge medium nozzle is smaller than the distance between the center of the largest circle included in the 
opening and the nearest point on the opening of the discharge medium nozzle. 

Note that, hereinafter, the "smallest circle including the opening of the quantitative medium nozzle" will be referred 
to as a circumscribed circle of the opening, whereas the "largest circle included in the opening of the quantitative noz- 
75 zle" will be referred to as an inscribed circle of the opening of the quantitative medium nozzle. 

In this printer according to the present invention, it is preferable that the quantitative medium nozzle have an open- 
ing of a crescent shape. 

In this printer according to the present invenrton, an opening of one discharge medium nozzle may be surrounded 
by openings of a plurality of quantitative nozzles. 
20 In this printer according to the present invention, a groove portion may be formed so as to connect the opening of 
the discharge medium nozzle with the opening of the quantitative medium nozzle. 

In this printer according to the present invention, it is preferable that the discharge medium nozzle and the quanti- 
tative medium nozzle be formed in a plate-shaped member and the discharge medium is mixed with the quantitative 
medium on the plate-shaped member. 
25 In this printer according to the present inveniton, it is preferable that a surface of the plate-shaped member where 
the nozzles open be treated so as to have a liquid repellent property. 

In this case, it is preferable that a region between the opening of the discharge medium nozzle and the opening of 
the quantitative medium nozzle has been treated so as to have a non-liquid-repellent property or a hydrophilic property. 
A printer according to another embodiment of the present invention includes a printing head having: a discharge 
30 medium pressure chamber into which a discharge medium is introduced; a quantitative medium pressure chamber into 
which a quantitative medium is introduced; a discharge medium nozzle which communicates with the discharge 
medium pressure chamber; and a quantitative medium nozzle which communicates with the quantitative medium pres- 
sure chamber; the discharge medium nozzle and the quantitative nozzle having openings adjacent to each other, 
wherein the quantitative medium is made to seep out from the quantitative medium nozzle toward the discharge 
35 medium nozzle and after this, the discharge medium is discharged from the discharge medium nozzle so as to be mixed 
with the quantitative medium so that a mixture obtained is discharged, 

the printer being characterized in that the opening of the quantitative medium nozzle has such a configuration 
that a cut-off portion of the opening faces the discharge medium nozzle which opens adjacently. 

In this printer according to another embodiment of the present invention, it is preferable that the quantitative 
40 medium nozzle have an opening of a symmetric configuration with respect to a line connecting the center of the opening 
of the discharge medium nozzie with the center of figure of the opening when the cut-off portion is restored. 

In this printer according to another embodiment of the present invention, the quantitative medium nozzle may a cir- 
cular opening or a polygonal opening when the cut-off portion is restored. ' 

In this case, it is preferable that the cut-off portion be an arc shape with or without an angled corner. 
45 More specifically, it is preferable that the quantitative medium nozzle have a crescent-shaped opening. 

In the printer according this embodiment of the present invention, an opening of one discharge medium nozzle may 
be surrounded by openings of a plurality of quantitative nozzles. 

Moreover, in the printer according to this embodiment of the present invention, a groove portion may be formed so 
as to connect the opening of the discharge medium nozzle with the opening of the quantitative medium nozzle. 
so Furthermore, in the printer according to this embodiment of the present invention, it is preferable that the discharge 

medium nozzle and the quantitative medium nozzle be formed in a plate-shaped member and the discharge medium is 
mixed with the quantitative medium on the plate-shaped member. 

In the printer according to this embodiment of the present invention, the discharge medium nozzle and the quanti- 
tative medium nozzle are preferably formed in a plate-shaped member and a surface of the plate-shaped member 
55 where the nozzles open has been treated so as to have a liquid repellent property. 

In this case, a region between the opening of the discharge medium nozzle and the opening of the quantitative 
medium nozzle may be treated so as to have a non-liquid-repellent property or a hydrophilic property. 

According to still another embodiment of the present invention, there is provided a printer including a printing head 
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having: a cfischarge medium pressure chamber into which a discharge medium is introduced; a quantitative medium 
pressure chamber into, which a quantitative medium is introduced; a discharge medium nozzle which communicates 
with the discharge medium pressure chamber; and a quantitative medium nozzle which communicates with the quan- 
titative medium pressure chamber; the discharge medium nozzle and the quantitative nozzle having openings adjacent 

5 to each other, wherein the quantitative medium is made to seep out from the quantitative medium nozzle toward the dis- 
charge medium nozzle and after this, the discharge medium is discharged.from the discharge medium nozzle so as to 
be mixed with the quantitative medium so that a mixture obtained is discharged, 

the printer being characterized in that the opening of the quantitative medium nozzle has such a configuration 
that the nearest point on the opening end of the quantitative medium nozzle from the center of figure of the opening is 

to positioned so as to face the discharge medium nozzle which opens adjacently. 

In this printer according to the present invention, it is preferable that the quantitative medium nozzle have an open- 
ing of a crescent shape. 

In this printer according to the present invention, an opening of one discharge medium nozzle may be surrounded 
by openings of a plurality of quantitative nozzles. . 
75 In this printer according to the present invention, a groove portion may be formed so as to connect the opening of 
the discharge medium nozzle with the opening of the quantitative medium nozzle. 

In this printer according to the present invention, the discharge medium nozzle and the quantitative medium nozzle 
are preferably formed in a plate-shaped member, and the discharge medium is mixed with the quantitative medium on 
the plate-shaped member. 

20 In this printer according to the present invention, a surface of the plat e-shaped. member where the nozzles open is 
preferably treated so as to have a liquid repellent property. 

In this case, a region between the opening of the discharge medium nozzle and the opening of the quantitative 
medium nozzle is preferably treated so as to have a non-liquid-repellent property or a hydrophiiic property. . 

In the printer according to an aspect of the present invention, the quantitative medium nozzle for pushing out a 
25 quantitative medium is provided separately from the discharge medium nozzle for discharging the discharge medium. 
Consequently, during a wait period of time, the quantitative medium will not be brought into contact with the discharge 
medium, and they are assured to be separated from each other. Moreover, during a mixing-discharging operation, no 
unnecessary flow-in of the quantitative medium and the discharge medium into wrong nozzles will not be caused. . 
In the printer according to another aspect of the present invention, the quantitative medium nozzle has an opening 
30 adjacent to an opening of the discharge medium nozzle. Consequently, the quantitative medium which seeps out from, 
the quantitative medium nozzle is assured to be supplied to the discharge medium nozzle. 

In the printer according to still another aspect of the present invention, the opening of the quantitative medium noz- 
zle has such a configuration that the distance between the center of the circumscribed circle of this opening and .the 
nearest point on the opening of the discharge medium nozzle is smalter than the distance between the center of the ' 
35 inscribed circle of this opening and the nearest point on the opening of the discharge medium nozzle. Consequently, 
the quantitative medium is assured to be pushed out toward the discharge medium nozzle. 

In the printer according to yet another aspect of the present invention, the opening of the quantitative medium noz- 
zle has such a configuration that the nearest point on the opening end of the quantitative medium nozzle from the center 
of figure faces the adjacent discharge medium nozzle. Consequently, the quantitative medium is further assured to be 
40 pushed out toward the discharge medium nozzle. 

In the printer according to still yet another aspect of the present invention, the opening of the quantitative medium 
nozzle has such a configuration that a cut-off portion faces the discharge medium nozzle. Consequently, the quantita- 
tive medium is still further assured to be pushed out toward the discharge medium nozzle through this cut-off portion. 
It should be noted that the quantitative medium is. still further assured to be pushed out toward the discharge 
45 medium nozzle on the condition that the discharge medium nozzle opening and the quantitative medium nozzle are 
arranged symmetrically with respect to a line connecting the center of the discharge medium nozzle opening and the 
center of the quantitative medium opening when the cut-off portion is restored. 

Brief Description of the Drawings 
so . . . ... 

Fig. 1 is a schematic perspective view showing an essential portion of a printer according to an embodiment of the 
present invention. 

Fig. 2 is a block diagram of a printing and control system according to the embodiment of the present invention. 

Fig. 3 is a block diagram of a drive circuit of the printing head according to the embodiment of the present invention. 
55 Fig. 4 is a schematic cross sectional view showing an essential portion of the printing head of the printer according 
to the embodiment of the present invention. 

Fig. 5 is a schematic plan view of essential portion of the printing head of the printer according to the embodiment 
of the present invention. 
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Fig. 6 is a schematic cross sectional view showing a portion in the vicinity of a quantitative medium nozzle of the 
printing head according to the embodiment of the present invention. 

Fig. 7 is a schematic cross sectional view showing a portion in the vicinity of a discharge medium nozzle of the 
printing head according to the embodiment of the present invention. 
5 Fig. 8 is a schematic cross sectional view showing a portion in the vicinity of the quantitative medium nozzle and 

the discharge medium nozzle of the printing head according to the embodiment of the present invention. 

Fig. 9 is a schematic plan view showing a portion in the vicinity of the quantitative medium nozzle and the discharge 
medium nozzle of the printing head according to the embodiment of the present invention. 

Fig. 10 is a chart showing the timing to apply a drive voltage to the printing head of the printer according to the 
10 embodiment of the present invention. 

Fig. 1 1 isa schematic perspective view showing a wait state in a procedure for carrying out a printing using the 
printer according to the embodiment of the present invention. 

Fig. 12 is a schematic perspective view showing a state when a portion of the quantitative medium is pushed out 
in a procedure for carrying out a printing using the printer according to the embodiment of the present invention. 
15 Fig. 1 3 is a schematic perspective view showing a state when the portion of the quantitative medium is brought into 
contact with the discharge medium in a procedure for carrying out a printing using the printer according to the embod- 
iment of the present invention. 

Fig. 14 is a schematic perspective view showing a state when the quantitative medium and the discharge medium 
are pushed outward in a procedure for carrying out a printing using the printer according to the embodiment of the 
20 present invention. 

Fig. 15 is a schematic perspective view showing a state when the quantitative medium and the discharge medium 
are further pushed outward in a procedure for carrying out a printing using the printer according to the embodiment of 
the present invention. 

Fig. 16 is a schematic perspective view showing a state when a droplet of the liquid mixture is almost formed sep- 
25 arating from the discharge medium in a procedure for carrying out a printing using the printer according to the embod- 
iment of the present invention. 

Fig. 1 7 is a schematic perspective view showing a state when the droplet of the liquid mixture is separated from the 
discharge medium in a procedure for carrying out a printing using the printer according to the embodiment of the 
present invention. 

30 Fig. 1 8 is a schematic perspective view showing a state when the droplet of the liquid mixture continues flying in a 
procedure for carrying out a printing using the printer according to the embodiment of the present invention. 

Fig. 1 9 is a schematic perspective view showing a state when a tip end of the discharge medium is above the open- ~ 
ing of the discharge nozzle in a procedure for carrying out a printing using the printer according to the embodiment of 
the present invention. 

35 Fig. 20 is a schematic perspective view showing a wait state when the printer has again entered the wait state in a 
procedure for carrying out a printing using the printer according to the embodiment of the present invention. 

Fig. 21 schematically shows the behavior of the quantitative medium when carrying out a printing using the printer 
according to the embodiment of the present invention. 

Fig. 22 is a schematic plan view showing the discharge medium nozzle and the quantitative medium nozzle of the 
40 printing head of the printer according to a modified embodiment of the present invention. 

Fig. 23 is a schematic plan view showing the discharge medium nozzle and the quantitative medium nozzle of the 
printing head of the printer according to another modification of the embodiment of the present invention. 

Fig. 24 is a schematic plan view showing the discharge medium nozzle and the quantitative medium nozzle of the 
printing head of the printer according to still another modification of the embodiment of the present invention. 
45 Fig. 25 is a schematic plan view and a cross sectional view showing the discharge medium nozzle and the quanti- 
tative medium nozzle of the printing head of the printer according to yet another modification of the embodiment of the 
present invention. 

Fig. 26 is a schematic plan view showing the discharge medium nozzle and the quantitative medium nozzle of the 
printing head of the printer according to yet still another modification of the embodiment of the present invention. 
so Fig. 27A is a plan view and Fig. 27B is a cross sectional view which schematically show the first nozzle and the 

second nozzle of the printing head according to a yet still further modification of the present invention. 

Fig. 28 is a perspective view which schematically shows the first nozzle and the second nozzle of the printing head 
according to the yet still further modification of the present invention. 

Fig. 29A is a plan view and Fig. 29B is a cross sectional view which schematically show the first nozzle and the 
55 second nozzle of the printing head according to the yet still further modification of the present invention. 

Fig. 30 shows an example of relationships between the gradation steps and the reflection concentrations. 

Fig. 31 shows another example of relationships between the gradation steps and the reflection concentrations. 

Fig. 32 is a schematic perspective view showing an essential portion of a printer according to another embodiment 
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of the present invention. 

Fig. 33 is a schematic perspective view showing an essential portion of a printer according to still another embod- 
iment of the present invention. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Description will now be directed to embodiments of the present invention with reference to the attached drawings. 
Note that explanation will' given on a so : called carrier jet type printer using ink as a quantitative medium and diluent as 
a discharge medium. 

w Fig. 1 shows a printer according to the present invention which is a so-called serial type printer mainly consisting 
of a drum 2 on which a printing paper 1 is mounted and a printing head section 3 for carrying out a recording on the 
printing paper 1 . 

The printing paper 1 is pushed and kept onto the drum 2 by a paper holding roller 4 provided in parallel to a shaft 
direction of the drum 2. The printer is also provided with a feed screw 5 in the vicinity of outer circumference of the drum 
is 2 so as to be positioned in parallel to the shaft direction of the drum 2. The printing head 3 is mounted on this feed screw 
5. That is, the printing head 3 is moved by rotation of the feed screw 5, in the shaft direction of the drum 2 as shown by 
an arrow "M" in the drawing. 

The drum 2 is rotated via a pulley 6, a belt 7, and a pulley 8 by a motor 9 in the direction shown by an arrow "m" in 
the drawing. Rotations of the feed screw 5 and the motor 9 and the function of the printing head 3 are driven and con- 
20 trolled by a control circuit 10 for driving and feeding the head and controlling drum rotation according to a printing data 
and a control signal 11. 

When the printing head has finished printing of one line while moving; the drum 2 is rotated by one line for printing 
of a following line. In a case when the printing head 3 moves for printing, the movement may be either one direction or 
reciprocal. 

25 Fig. 2 is a block diagram showing a printing-control system of the printer. The printer is controlled by a control block 
20 in Fig. 2 having a signal processing control circuit 22. a first driver 23. a second driver 24. a memory 25. a compen- 
sation circuit 26, and a control-drive section 27. The signal processing control circuit 22 is composed of a CPU or DSP 
(digital signal processor). 

Each of the first driver 23 and the second driver 24 consists of a plurality of drivers according to a number of the 
30 quantitative medium nozzles and a number of the discharge medium nozzles, respectively. The first driver 23 is for driv- 
ing-controlling a first layered piezoelectric device which Is provided as first pressure means, as will be detailed later, for 
pushing the quantitative medium from the quantitative medium nozzle, whereas the second driver 24 is for driving-con- 
trolling a second layered piezoelectric device which is provided as second pressure means, as will be detailed later, for 
discharging the discharge medium from the discharge medium nozzle. Note that it is assumed that one of the quantita- 
35 tive medium and the discharge medium is ink, and the other is diluent. 

The first driver 23 and the second driver 24 drive-cohtrof the fii^st pressure means and the second pressure means, 
respectively, according to control by a serial-parallel conversion circuit and a timing control circuit which are provided in 
the signal processing control circuit 22. 

The signal processing control circuit 22 of the control block 20 is supplied with a printing. data and signals 21 such 
40 as an operation signal and an external control signal. The signal supplied are arranged in the printing order in this signal 
processing control circuit 22 and fed via the first driver 23 and the.second driver 24 to the 1 printing head 28 together with 
a discharge signal for driving-controlling the printing head 28. The printing order varies depending on the printing head 
28 and the configuration of a printing section. The printing order also has a relationship with an input order of the print- 
ing data. A data may be stored in a memory 25 which is a line buffer memory, a one-screen memory or the like, and 
45 from which the data is fetched when necessary. ' 

Note that when the printing head 28 is a multi-head type and has a plenty of nozzles, it is recommended to mount 
an IC on the printing head 28 so as to reduce the number of wires to be connected to the printing head 28. Moreover, 
the signal processing control circuit 22 is connected to the compensation circuit 26 for carrying out a ^-correction and a 
color correction in case of a color printing as well as a correction required for compensating the characteristics differ- 
so ence of the heads. The compensation circuit 26 normally has a predetermined correction data stored in a form of a 
ROM (read only memory) as a look-up table, which data is fetched according to an external condition such as a nozzle 
number, temperature, and an input signal. 

The signal processing control circuit 22 is normally composed of a CPU or DSP as has been described above, for 
software processing, and a signal which has been processed is supplied to the control-drive section 27. The control- * 
55 drive section 27 carries out drive and synchronization of trie motors for driving the drum 2 and the feed screw 5 and 
control a head cleaning, a printing paper supply and exhaust and the like. Note that the signals supplied from the signal 
processing control circuit 22 to the control-drive section 27 include an operation signal and an external control signal. 
Fig. 3 is a block diagram showing a drive circuit of the aforementioned printing head. The drive circuit is supplied 
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with a digital half-tone data from the signal processing control circuit 22, which data is fed via the serial-parallel conver- 
sion circuit to the first driver 23 and the second driver 24. When the digital half-tone data supplied from the serial-par- 
allel conversion circuit 31 is below a predetermined threshold value, no quantification is carried for discharging. When 
a printing timing has come, a printing trigger is outputted from the signal processing control circuit 22. which trigger is 
detected by the timing control circuit 32, which in turn outputs, at a predetermined timing, a quantification section con- 
trol signal and a discharge control signal to the first driver 23 and to the second driver 24, respectively. 

Description will now be directed to the printing head of the printer according to an embodiment of the present inven- 
tion. As shown in Fig. 4, the printing head mainly consists of a nozzle plate 41 , a diaphragm 42, a first layered piezoe- 
lectric device 43, and a second layered piezoelectric device 44. 

The nozzle plate 41 is formed from a resin. The nozzle plate 41 is provided with a first recess 46 forming a quanti- 
tative medium port into which a quantitative medium 45 (ink, for example) is introduced; and a second recess 47 form- 
ing a quantitative medium pressure chamber which is filled with the aforementioned quantitative medium 45, both of the 
recesses opening to a main surface 41 a of the diaphragm 42. A through hole is formed in the nozzle plate 41 so as to 
form a first supply passage 48 connecting the first recess 46 to the second recess 47. 

Moreover, the nozzle plate 41 is provided with a third recess 50 forming a discharge medium port into which a dis- 
charge medium 59 (which is diluent, for example) and a fourth recess 51 forming a discharge medium pressure cham- 
ber filled with the discharge medium 49, both of the recesses opening to the main surface 41a of the diaphragm 42. A 
through hole is formed in the nozzle plate 41 so as to form a second supply passage 52 connecting the third recess 50 
to the fourth recess 51 . 

Furthermore, the nozzle plate 41 is provided with a quantitative medium nozzle 53 formed as a through hole 
extending from the bottom of the second recess 47 to a rear surface 41 b of the nozzle plate 41 at a predetermined angle 
against the direction of the thickness of the nozzle plate 41 ; and a discharge medium nozzle 54 formed as a through 
hole extending from the bottom of the fourth recess 51 to the rear surface 41b of the nozzle plate 41 in the direction of 
the thickness of the nozzle plate 41 . 

The diaphragm 42 is provided on the main surface 41a of the nozzle plate 41 so as to cover the aforementioned 
recesses, so that a space defined by the first recess 46 and the diaphragm 42 serves as a quantitative medium port 55. 
and a space defined by the second recess 47 and the diaphragm 42 serves as a quantitative medium pressure cham- 
ber 56. As shown in Fig. 5, the quantitative medium port 55. the first supply passage 48, the quantitative medium pres- 
sure chamber 56 and the quantitative medium nozzle 53 are formed as a continuous unitary space. 

Similarly, a space defined by the third recess 50 and the diaphragm 42 serves as the discharge medium port 57, 
and a space defined by the fourth recess 51 and the diaphragm 42 serves as a discharge medium pressure chamber 
58. As shown in Fig. 5, the discharge medium port 57, the second supply passage 52, the discharge medium pressure 
chamber 58, and the discharge medium nozzle 54 are formed as a continuous unitary space. 

Fig. 5 is a plan view of the first layered piezoelectric device 43 arranged on the quantitative side, and the main sur- 
face 41a of the nozzle plate 41 of the discharge side. 

The diaphragm 42, as shown in Fig. 4. is provided with an annular recess 59 formed at a position corresponding to 
the quantitative medium pressure chamber 56, and an annular recess 60 at a position corresponding to the discharge 
medium pressure chamber 58. Consequently, when the diaphragm 42 is viewed from above, as shown in the quantita- 
tive side of Fig. 5, a protrusion 61 is formed at a position corresponding to the quantitative medium pressure chamber 
56, on which the first layered piezoelectric device 43 is arranged. The discharge side has a similar configuration: as 
shown in Fig. 4, an annular recess 60 defines a protrusion 62, on which the second layered piezoelectric device 44 is 
arranged. 

In the printing head according to the present embodiment, as has been described above, the quantitative medium 
nozzle 53 is formed at a predetermined angle against the direction of the thickness of the nozzle plate 41 . whereas the 
discharge medium nozzle 54 is formed in the direction of the thickness of the nozzle plate 41 so that the quantitative 
medium nozzle 53 approaches the discharge medium nozzle 54 toward the rear surface 41b and these nozzles have 
openings adjacent to each other on the rear surface 41 b. Note that the quantitative medium nozzle 53 has a center line 
at 30° to the center line of the discharge medium nozzle 54. 

Fig. 6 is a cross sectional view of the quantitative medium nozzle 53 sectioned along the A-A* line in Fig. 4. As 
shown here, the quantitative medium nozzle 53 is divided into a first tapered nozzle portion 63 extending from the bot- 
tom of the quantitative medium pressure chamber 56 toward the rear surface 41 b of the nozzle plate 41 . reducing its 
cross sectional area; and a first nozzle portion 64 which actually functions as a nozzle. 

Fig. 7 is a cross sectional view of the discharge medium nozzle 54 sectioned along the B-B' line in Fig. 4. As shown 
here, the discharge medium nozzle 54 is divided into a second tapered nozzle portion 65 extending from the bottom of 
the discharge medium pressure chamber 56 toward the rear surface 41b of the nozzle plate 41 . reducing its cross sec- 
tional area; and a second nozzle portion 66 which actually functions as a nozzle. 

The presence of the first tapered nozzle portion 63 and the second tapered nozzle portion 65 reduces the passage 
resistance in the quantitative medium nozzle 53 and in the discharge medium nozzle 54, so as to realize a smooth liquid 
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flow, preventing residue of babbles . , . 

The quantitative medium 45 which js, for example, ink is supplied -from a quantitative medium reservoir (not 
depicted) through the quantitative medium port 55, the first supply passage 48, and the quantitative medium pressure 
chamber 56 to the quantitative medium nozzle 53. 
s The discharge medium 49 which is, for, example, diluent is supplied from a discharge medium reservoir (not 

depicted) through the discharge medium port 57, the second supply passage 52, and the discharge medium pressure 
chamber 58 to the discharge medium nozzle 54. 

In the printing head according to the present embodiment, the rear surface 41b of the nozzle plate 41 having the 
nozzle openings has a facility for liquid repellence so as not to be wetted by the ink or diluent from the quantitative 
10 medium nozzle 53 and the discharge medium nozzle 54, which enhances stability of the liquid discharge and the accu- 
racy of the discharge direction. 

Moreover, in the printing head according to the present embodiment, the opening of the quantitative medium nozzle 
43 has a cut-off portion at the side of the discharge medium nozzle 54. 

In other words, the quantitative medium nozzle 53 has an opening of such a shape that a center of a circumscribed 
is circle 67 of the opening of the quantitative medium nozzle 53 is located at a position farther than the center of the 
inscribed circle of the opening of the quantitative medium nozzle 53 from the nearest point on the opening of the dis- 
charge medium nozzle 54. 

Fig. 8 shows a circular opening of the second nozzle portion 66 of the discharge medium nozzle 54 and a crescent 
opening of the first nozzle portion 64 of the quantitative medium nozzle 53. In Fig. 8, if it is assumed that the opening 
20 of the first nozzle portion 64 of the quantitative medium nozzle 53 has a circumscribed circle 67 (dotted line) with a 
center and an inscribed circle 68 (broken line) with a center 0 2 . then the shortest distance d*, from the center O a to 
the opening of the discharge medium nozzle 54 is smaller than the shortest distance d 2 from the center 0 2 to the open- 
ing of the discharge medium nozzle 54 

In other words, in the printer according to the present embodiment, the quantitative medium nozzle 53 has an open- 
25 ing of such a shape that a center of a circumscribed circle 67 of the opening of the quantitative medium nozzle 53 is 
located at a position farther than the center of the inscribed circle of the opening of the quantitative medium nozzle 53 
from the nearest point on the opening of the discharge medium nozzle 54. 

As shown in Fig. 9. the first nozzle portion 64 of the quantitative medium nozzle 53 has an opening of a crescent 
shape, which is positioned in such a manner that the nearest point 0 4 on the opening end to the center 0 3 of figure is 
30 facing to the opening of the second nozzle portion of the discharge medium nozzle 54. 

It should be noted that there are 16 pairs of the quantitative medium nozzle 53 and the discharge medium nozzle 
54 provided in the printer according to the present invention although only one pair is shown in the drawings. All of the 
quantitative medium nozzles 53 are arranged adjacent to one another and all of the discharge medium nozzles 54 are 
arranged adjacent to one another. . . , 

35 Description will now be cfirected to ah printing operation using the printer according to the present embodiment, 
printing is carried out as follows. It should be noted that there are two types of layered piezoelectric devices: one which 
utilizes the a displacement of expanding direction (so-called d 33 direction) when a voltage is applied; and the other 
which utilizes a displacement of shrinking direction (so-called d 31 direction). It is assumed that the latter type of the lay- 
ered piezoelectric device is employed in the present embodiment. 
40 Fig. 10 is a timing chart which shows when a drive voltage is applied. In this timing chart, at a moment (A), a drive 
^ voltage of 10 [V] is applied to the first layered piezoelectric device 43 and a drive voltage of 15 [V] is applied to the sec- 
ond layered piezoelectric device 44. Note that in the timing chart of Fig. 10, the horizontal axis represents the time and 
the vertical axis represents the drive voltage of the first layered-type piezoelectric device 43 and the drive voltage of the 
second layered piezoelectric device 44. 
45 At this moment, as schematically shown in Fig. 1 1 , the quantitative medium nozzle 53 is filled with the quantitative 
medium 45 up to the opening end so as to form a meniscus. The discharge medium nozzle 54 is also filled with the dis- 
charge medium 49 up to the opening end so as to form a meniscus. Thus, the printing head enters a wait state. Note 
that at this moment of time, the first layered piezoelectric device 43 and the second layered piezoelectric device 44 are 
shrink, and those portions of the diaphragm which are in contact with these devices are pulled up so as to increase the 
so volume of the quantitative medium pressure chamber 56 and the volume of the discharge medium pressure chamber 
58. Because the quantitative medium nozzle 53 is provided separately from the discharge medium nozzle 54, the quan- 
titative medium 45 will not be brought into contact to be mixed with the discharge medium 49 in this wait state. 

Next, at a moment (B) in Fig. 10. the drive voltage applied to the first layered piezoelectric device 43 begins to be 
decreased. This voltage is decreased down to 0 [V] for 50 [^sec] to a moment (D) in the chart Then, the first layered 
55 piezoelectric device 43 expands so as to push the portion of the diaphragm 42 which is in contact with this first layered 
piezoelectric device 43. reducing the volume of the quantitative medium pressure chamber 56. For this, at an intermit- 
tent point (C) between (B) and (D) in Fig. 10, the quantitative medium 45 is pushed out of the quantitative medium noz- 
zle 53 as shown in Fig. 12. Because the quantitative medium nozzle 53 is formed so as to gradually approach to the 
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discharge medium nozzle 54, the quantitative medium 45 is pushed toward the discharge medium nozzle 54. 

This state is kept for 50 [usee] from the moment (D) to a moment (E) in the chart of Fig. 10. Then, as shown in Fig. 
13, the quantitative medium 45 is brought into contact with the discharge medium 49 and they are connected to each 
other with a surface tension. 

5 Subsequently, from the moment (E), the drive voltage to the first layered piezoelectric device 43 is gradually 

increased to the previous value so that the first layered piezoelectric device 43 shrinks again, increasing the volume of 
the quantitative medium pressure chamber 56 so that the quantitative medium 45 is drawn into the quantitative nozzle 
53. 

Next, the drive voltage is decreased from 1 5 [V] to 0 [V] for 5 [usee] from a moment (F) after (E) to a moment (G) 

to in the chart of Fig. 1 0, so that the second layered piezoelectric device 44 expands so as to push the diaphragm 42 which 
is in contact with this second layered piezoelectric device 44, reducing the volume of the discharge medium pressure 
chamber 58. As a result, at the moment (F), as schematicaily shown in Fig. 1 4, the discharge medium 49 is pushed out- 
ward from the discharge medium nozzle 54 and a portion of the quantitative medium which is in contact with the dis- 
charge medium 49 is also pushed outward. 

is This state is kept for 1 2 [usee] from a moment (G) to a moment (I) in the chart of Fig. 10. At an intermittent moment 
(H) between the moments (G) and (I), as shown in Fig. 15, the discharge medium 49 is further pushed outward from 
the discharge medium nozzle 54 together with the quantitative medium 45. 

At this moment, while the drive voltage to the first layered piezoelectric device 43 continues to increase, the quan- 
titative medium 45 is drawn into the quantitative medium nozzle 53, leaving the portion outside which is in contact with 

20 the discharge medium 49. 

Next, from the moment (I) in the chart of Fig. 10, the drive voltage to the second layered piezoelectric device 44 is 
gradually increased so that the second layered piezoelectric device 44 again begins to shrink, increasing the volume of 
the discharge medium pressure chamber 58. As a result, at a moment (J) after the moment (I), as schematically shown 
in Fig. 16, a liquid mixture 69 of the quantitative medium and the discharge medium is almost separated as a droplet 

25 from the discharge medium 49. Note that at this moment, the drive voltage to the first layered piezoelectric device 43 is 
returned to the previous 1 0 [V], which is kept after this. 

At a moment (K) after the moment (J) in the chart of Fig. 10, as schematically shown in Fig. 17, the liquid mixture 
69 as a droplet is completely separated from the discharge medium 49 and discharged from the discharge medium noz- 
zle 54 while the discharge medium 49 is pulled into the discharge medium nozzle 54. 

30 Furthermore, at a moment (L) after the moment (K) in the chart of Fig. 10, the drive voltage to the second layered 
piezoelectric device 44 is returned to the previous 15 [V]. Note that a period of time from the moment (I) to the moment 
(K) in the chart of Fig. 10 is 100 [usee]. During this period, as schematically shown in Fig. 18, the droplet of the liquid 
mixture 69 in a ball shape continues flying toward a recording material. When the ball of the liquid mixture 69 has 
reached the recording material, a recording is complete. 

35 It should be noted that during a period of time from the moment (J) to the moment (L) in the chart of Fig. 10, the 
quantitative medium 45 is gradually introduced into the quantitative medium nozzle 53 by the capillary tube force. At the 
moment (L), as schematically shown in Fig. 18, the quantitative medium nozzle 53 is filled with the quantitative medium 
45 up to the opening end. In this state, the tip end of the quantitative medium 45 slightly vibrates, forming a small pro- 
trusion. 

40 At a moment (M) after the moment (L) in the chart of Fig. 10, as shown in Fig. 19, the discharge medium 49 is intro- 
duced into the discharge medium nozzle 54 by the capillary tube force in the same way as the quantitative medium 445. 
The tip end of the discharge medium 49 is slightly vibrated by an inertia, forming a small protrusion. At this moment, the 
quantitative medium 45 has ceased to vibrate. 

Furthermore, at a moment (N) after the moment (M) in the chart of Fig. 10, as schematically shown in Fig. 20, the 

45 discharge medium 49 also has ceased to vibrate. The wait state is again set in. 

In this embodiment, a discharge cycle is assumed to be 1 [msec] (frequency 1 [kHz]), during which the quantitative 
medium is mixed with the discharge medium and the obtained mixture is discharged. It is also assumed that the maxi- 
mum drive voltage for the first layered piezoelectric device 43 is 10 [V], whereas the maximum drive voltage for the sec- 
ond layered piezoelectric device 44 is 15 [V]. 

so For carrying out a printing, the aforementioned cycle is repeated. In order to express a concentration gradation, it 

is necessary to change the ink concentration for each of the dots. In the present embodiment, as shown in Fig. 10. the 
concentration is adjusted by changing the drive pulse amplitude (voltage) of the first layered piezoelectric 43. For exam- 
ple, if the voltage is reduced from 10 [V] to 4 [V], the quantity of the ink to be quantified is reduced. Note that a similar 
effect can also be obtained by changing a width of the drive pulse. 

55 In the printer according to the present embodiment, the quantitative medium nozzle 52 for pushing out the quanti- 
tative medium 45 is provided separately from the discharge medium nozzle 54 for discharging the discharge medium 
49. Consequently, during a wait state, the quantitative medium 45 will not be brought into contact with the discharge 
medium 49, assuring separation therebetween. Moreover, during a mixture discharge operation, no unnecessary flow- 
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in occurs between the quantitative medium 45 and the discharge medium 49 into the wrong nozzles. 

Furthermore, the printer according to the present invention has the quantitative medium nozzle 54 provided adja- 
cent to the discharge medium nozzle 54, enabling to stabilize supply, i.e., seeping-out of the quantitative medium 45 
from the quantitative medium nozzle 53 toward the discharge medium nozzle 54. 
5 Moreover, in the printer according to the present invention, the quantitative medium nozzle 53 has an opening of 

such a shape that a center of a circumscribed circle of the opening of the quantitative medium nozzle 53 is located at 
a position farther than the center of the inscribed circle of the opening of the quantitative medium nozzle 53 from the 
nearest point on the opening of the discharge medium nozzle 54. In other words, the opening of the quantitative nozzle 
53 is positioned in such a manner that the nearest point on the opening end to the center of figure faces to the opening 
10 of the second nozzle portion of the discharge medium nozzle 54. 

That is, the quantitative nozzle 53 has an opening with a cut-off facing the discharge medium nozzle 54. Conse- 
quently, the discharge medium 45 is secured to be pushed toward the discharge medium nozzle 54. 

More concretely in the printer according to the present embodiment, the quantitative medium nozzle 53 has an 
opening of a crescent shape and accordingly, the quantitative medium 45 is surely pushed toward the discharge 
is medium nozzle 54. 

Thus, in the printer according to the present embodiment, it is possible to prevent dispersion and mixture of the 
quantitative medium and the discharge medium during a wait state and to prepare an accurate mixture of the quantita- 
tive medium and the discharge medium according to a gradation step, enabling to express an accurate gradation step. 
In order to confirm the effect of the printer according to the present invention, a computer simulation was carried 
20 out to watch how the quantitative medium 45 is pushed out of the opening of the quantitative medium nozzle 53 having 
a crescent shape. Fig. 21 A shows the quantitative medium 45 which is introduced into the quantitative medium nozzle 
" 53. Note that Fig 21 shows a half portion of the crescent shape of the opening of the quantitative medium nozzle 53 and 
only the surface of the quantitative medium 45 is shown. It is assumed that the discharge medium nozzle 54 is located 
above this half crescent in this figure. Moreover, it is assumed here that the quantitative medium nozzle 53 is formed in 
25 the direction of the thickness of the nozzle plate. 

When the drive voltage of the first layered piezoelectric device 43 begins lowering, the surface of the quantitative 
medium 45 is gradually raised as shown in Fig. 21 B. 21 C. and 21 D. Then, as shown in Fig. 21 E, the quantitative 
medium 45 is pushed out toward the discharge medium nozzle 54, extending toward the discharge medium nozzle 54 
as shown in Fig. 21 F and 21 G. 

30 Because the opening of the quantitative medium nozzle 53 has a crescent shape, as show in Fig. 21 G, the quan- 
titative medium is pushed out from the quantitative medium nozzle 53, gathering around the center of the recessed 
side. Furthermore, because the discharge nozzle 54 has an opening facing the recessed side of the crescent shape, 
the quantitative medium 45 is secured to be brought into contact with the discharge medium 49 in the discharge 
medium nozzle 54. 

35 That is. in the aforementioned printer, accurate quantification of the quantitative medium is carried out, enabling to 
mix an accurate quantity of the quantitative medium with the discharge medium according to a gradation step andto 
express the gradation step accurately. - 

A sufficient effect can be obtained even in this simulation where the quantitative medium nozzle 53 is formed in the 
direction of the thickness of the nozzle plate. In a case when the quantitative nozzle 53 is formed with an angle against 
40 the direction of the thickness of the nozzle plate, even more effect can be expected because the quantitative medium 
45 is directed* toward the discharge medium by the quantitative medium nozzle 53. 

As ink and diluent which are the quantitative medium 45 and the discharge medium 49, respectively, in this embod- 
iment, there can be exemplified following materials. 

The ink may be as follows: 

45 

(Composition) 





C. I. Acid Blue-9 


8% by weight 


so 


N-methyl-2-pyrolidone 


10% by weight 




Ethylene glycol monomethyl ether 


10% by weight 




Surface active agent 


0.01% by weight 


55 


Water 


81 .99% by weight 
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(Material Characteristics) 



Viscosity 


2 [cp] 


Surface tension 


30 [dyne/cm] (at 20°C) 



The diluent may be as follows: 
io (Composition ) 



Isopropyl alcohol 


7% 


by 


weight 


Diethylene glycol 


23% 


by 


weight 


Water 


70% 


by 


weight 



(Material Characteristics). 

20 



Viscosity 


2.2 [cp] 


Surface tension 


40 [dyne/cm] (at 20°C) 



25 

The above example uses the cyan color. Other colors can also be used. The recording material may be a standard 
paper or an ink-jet printing paper available in market. 

The size of the opening of the quantitative medium nozzle 53 and the size of the opening of the discharge medium 
nozzle 54 should be determined, considering the volume of the quantitative medium to be quantified and the volume of 

30 a liquid mixture to be discharged. For example, as shown in Fig. 8, it is preferable that the second nozzle portion 66 
serving as the opening of the discharge medium nozzle 54 have a circular shape with a diameter of 36 [*im]; the first 
nozzle portion 64 serving as the opening of the quantitative medium nozzle 53 have a crescent form, i.e., a circle with 
a diameter of 18 [um] having such a recess facing the second nozzle portion 66 that a distance from the recess end to 
the bottom is 14 [^m]. and the shortest distance from the opening end of the second nozzle portion 66 to the center of 

35 the recess is 5 Qim]. The distance between the quantitative medium nozzle 53 and the discharge medium nozzle 54 is 
preferably 20 [jim] or below, and more preferably 10 [um] or below, and further preferably in the order of 5 frim]. 

If this distance is too great, it is necessary to increase the drive voltage of the first layered piezoelectric device 43 
so that the quantitative medium 45 reaches the discharge medium nozzle 54. If this drive voltage is too high, the quan- 
. titative medium 45 is discharged from the quantitative medium nozzle 53, instead of being pushed toward the discharge 

40 medium nozzle 54, failing to be mixed with the discharge medium 57. 

As the quantitative medium pressure chamber 56 and the discharge medium pressure chamber 58, there can be 
exemplified a chamber having an elliptical shape, when viewed from above, with a width of 0.4 [mm] and a length of 0.9 
[mm], and a depth of 0.1 [mm]. As the diaphragm, there can be exemplified a diaphragm having a thickness of 60 urn 
along the entire length and about 6 mm where the recesses 59 and 60 are formed. 

45 In the aforementioned printer according to the present embodiment, layered piezoelectric devices are used as 

pressure generating means. However, it is also possible to use a so-called single-plate piezoelectric device or other 
pressure generating means such as a heater element and a magnetic distortion element. Moreover, it is also possible 
to employ different types of pressure generating means for the quantitative section and the discharge section. 

Description will now be directed to a manufacturing method of the printing head of the aforementioned printer. 

so Firstly, it is necessary to prepare a nozzle plate from a resin plate having a uniform thickness and preferable surfaces. 
The resin material may be polysulfone, polyethersulfone, polyetherimide, polyimide or the like which can be subjected 
to a processing using eximer laser and exhibit an ink resistance (chemical resistance). The present embodiment 
employs a polyimide plate of 0.5 [mm] thickness which has been prepared by injection molding. It is also possible to 
prepare such a resin plate of 0.5 [mm] thickness by means of extrusion molcfing. 

55 Subsequently, the mains surface, i.e.. the main nozzle opening surface of the resin plate is subjected to a treatment 
for liquid repellence. That is, the surface is spin-coated with a liquid- repellent agent. As the liquid-repellent agent, it is 
preferable to employ one which is polymerized by a heat of 180 [°C] or below because of the heat resistance, such as 
Saitop (trade name) produced by Asahi Glass Co., Ltd. and Upicoat (trade name) produced by Ube Kosan Co., Ltd. 



12 

BNSDOCID: <EP 0S35759A1 




EP0 835 759A1 

The aforementioned water repellence can also be obtained by laminating the resin plate with a liquid repellent film. 
As such a liquid repellent film, there can be exemplified a polyimide adhesive film UPA-8322 (trade name) produced by 
Ube Kosan. The aforementioned film can be applied at the maximum temperature up to 160 [°C] so as to form a liquid- 
repellent having an excellent chemical resistance. 
5 Next, the nozzle plate is subjected to a machine processing so as to determine the external configuration as well 

as the first recess and the second recess serving as the quantitative medium port and the discharge medium port, 
respectively. Burrs can be removed by lapping or the like. 

Subsequently, processing using eximer laser is carried out to form the second recess and the fourth recess serving 
as the quantitative medium pressure chamber and the discharge medium pressure chamber, respectively. The afore- 
10 mentioned eximer laser processing is a method using a so-called mask imaging method, in which a mask (a metal plate 
for forming the recesses) is placed in the way of the laser optical system for ablation processing of the resin plate. 

The mask can be prepared by etching a copper or stainless plate or electroforming a nickel material. The mask hole 
size is determined according to a hole or groove to be formed and the reduction ratio of the eximer laser optical system. 
The second recess and the fourth recess can be formed simultaneously or successively. In a case of a multi-head 
75 configuration in which a plurality of sets of the first pressure chamber and the second pressure chamber are arranged, 
the plurality of sets may be formed simultaneously. For processing, the workpiece is placed on a processing table (fixed 
by an appropriate jig) capable of numeric control. The processing position is adjusted by position control (x-axis and y- 
axis control) in horizontal directions, whereas the laser focusing during a processing is adjusted in a vertical direction 
(z axis). 

20 Next, a second tapered nozzle portion serving as the discharge medium nozzle is prepared by using eximer laser 

processing. A laser beam is applied through a round hole mask while oscillating a processing stage so as to gradually 
reduce the width of the oscillation, thus obtaining a tapered hole. In the present embodiment, one axis of the processing 
stage is controlled so as to obtain a taper of a sector shape. However, it is also possible to control two axes simultane- 
ously so as to move the processing stage in a spiral state, obtaining a taper of a circular cone shape. 

25 After this, the second nozzle portion is formed so as to serve as the discharge medium nozzle. Because of the exi- 
mer laser processing characteristic, a taper of about 2° (at one side) is formed in this second nozzle portion. The same 
applies to the processing for forming other holes and grooves. 

The mask has hol.es corresponding to the respective recesses, the second taped nozzle portion and the second 
nozzle portion, so that a desired hole is set in the optical path of the laser beam by a mask changer capable of numeric 

30 control. ... , . ..".,* 

In the same way as the second tapered nozzle portion, the iirst tapered nozzle portion serving the quantitative 
medium nozzle is formed by slanting the workpiece fixing jig on the processing table by 30°. 

Furthermore, the first nozzle portion is formed so as to serve as the quantitative medium nozzle. This first nozzle 
portion, as has been described above, has a cross section of a crescent shape. This crescent shape can easily be 

35 obtained by preparing a crescent shape of a hole in the mask. Other than this crescent shape, the first nozzle portion 
serving as the quantitative medium nozzle can be formed in various shapes. When using eximer laser processing, such 
shapes of the first nozzle portion (orifice) can easily be obtained by preparing such shapes in the mask. 

The relative positioning of the second nozzle portion of the dischiarge nozzle and the first nozzle portion of the 
quantitative medium nozzle is adjusted by adjusting the processing stage in jog mode when forming the quantitative 

40 medium nozzle. 

Next, the workpiece fixing jib is slanted by 80° for forming the second supply passage; and further slanted -80** (i.e., 
80° in the opposite direction), for forming the first supply passage, thus completing the nozzle plate. 

Each of the first supply passage and the second supply passage is a round hole. The size and number of the first 
supply passages are determined considering the flow resistance balance between the first tapered nozzle portion and 
45 the first nozzle portion, whereas the size and number of the second passages are determined considering the flow 
resistance balance between the second tapered nozzle portion and the second nozzle portion. 

In this embodiment, a machine processing was employed for forming the external configuration of the nozzle plate 
and the recesses serving as the quantitative medium port and the discharge medium port; and eximer laser processing 
for forming all of the recesses serving as the quantitative medium pressure chamber and the discharge medium pres- 
so sure chamber, the tapered nozzle portions, the nozzle portions, and the supply passages. However, it is also possible" 
to employ an injection molding for forming the external configuration, the recesses serving as the quantitative medium 
port and the discharge medium port, and the tapered nozzle portions; and to employ the eximer laser processing for 
forming the nozzle portions and the supply passages. 

Next, the diaphragm which has been prepared by means of etching, electroforming or the like is attached to the 
55 aforementioned nozzle plate thus prepared. The adhesive agent is preferably an epoxy adhesive. In this embodiment, 
a cold setting adhesive of single-liquid type is employed. The adhesive is applied onto a plate or sheet having a prede- 
termined surface roughness and smoothed by a squeezer. The nozzle plate is pushed against this smoothed adhesive 
so that the adhesive is transferred in a small thickness. In this state, the diaphragm is attached to the nozzle plate by 
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adjusting the position using the jig. The nozzle plate with the attached diaphragm is kept in an oven at a predetermined 
temperature for a predetermined period of time for the adhesive setting. As a result, the first recess, the second recess 
the th.rd recess, and the fourth recess are covered so as to define the quantitative medium port, the quantitative 
medium pressure chamber, the discharge medium port, and the discharge medium pressure chamber. 
s Prior to this adhesion step, it is also possible to apply a ultraviolet radiation to the nozzle plate so as to change the 

property of the resin surface. The light source of the ultraviolet ration is a low pressure mercury lamp which generates 
an ultraviolet beam of 184.9 [nm] and 253.7 [nm]. This energy cuts connections between molecules of a high molecule 
compound so as to extract hydrogen, which i9s connected with oxygen in the air so that radicals such as -OH, >C=0 
and -C(0)OH are formed, enhancing the hydrophilic property of the surface of the nozzle plat, which in turn improves 
w the adhesion property. This prevents peeling-off of the diaphragm after using the printing head for a long period of time 
Furthermore, the drive section including the layered piezoelectric device is bonded. The drive section includes a 
quantitative medium supply reservoir and a diluent supply section from which the quantitative medium and the diluent 
are supplied through holes formed in the diaphragm into the quantitative medium port and the diluent port. The quanti- 
tative medium supply section and the diluent supply section communicate with the quantitative medium reservoir and 
is the diluent reservoir, respectively. 

As the last step, the first layered piezoelectric device is bonded onto the protrusion of the diaphragm formed at a 
position corresponding to the quantitative medium pressure chamber, whereas the second layered piezoelectric device 
is bonded onto the protrusion of the diaphragm formed at a position corresponding to the discharge medium pressure 
chamber, thus completing the printing head. 

In the aforementioned embodiment the first nozzle portion of the quantitative medium nozzle has a cross section 
of a crescent shape. However, the shape may be other than the crescent if the first nozzle portion has an opening has 
such a shape that the distance between the center of the circumscribed circle of the opening and the nearest point on 
the opening of the discharge nozzle is smaller than the distance between the center of the inscribed circle of this open- 
ing and the nearest point on the opening of the discharge medium nozzle. 

Alternatively, the first nozzle portion may have an opening of such a shape that the nearest point on the opening 
end from the center of figure of this opening faces the discharge medium nozzle 54. 

Moreover, the first nozzle portion of the quantitative medium nozzle may have an opening of such a shape having 
a cut-off portion facing the discharge medium nozzle. 

In this case, it is preferable that the shape of the opening of the first nozzle portion of the aforementioned quantita- 
tive medium nozzle be symmetric with respect to a line connecting the center of the opening of the discharge medium 
nozzle and the center of opening of the first nozzle portion with the cut-off portion restored. 

It should be noted that the shape of the opening of the aforementioned first nozzle portion be a circle or poiyqon 
when the cut-off portion is restored. 

The cut-off portion may have a circular arc or a corner. 

Rg. 22 shows examples of such configurations. Fig. 22A shows a quantitative medium nozzle 70 with a circular 
opening with a cut-off portion having a corner facing the discharge medium nozzle 54. Fig. 22B shows a quantitative 
medium nozzle 71 with an octagonal opening having a cut-off portion of an arc shape facing the discharge medium noz- 
zle 54, Fig. 22C shows a quantitative medium nozzle 72 with an elliptical opening having a cut-off portion of an arc 
shape lacing the discharge medium nozzle 54. Fig. 22D shows a quantitative medium nozzle 73 with a circular opening 
having a diameter greater than the diameter of the discharge medium nozzle 54 and having a cut-off portion of an arc 
shape facing the discharge medium nozzle 54. 

Furthermore. Fig. 22E shows a quantitative medium nozzle 74 with a semicircular opening having a direct portion 
to face the discharge medium nozzle 54. Fig. 22F shows a quantitative medium nozzle 75 having a rectangular opening 
with a V-shaped cut-off portion facing the discharge medium nozzle 54. Rg. 22G shows a quantitative medium nozzle 
76 with a circular opening having a W-shaped cut-off portion facing the discharge medium nozzle 54. 

In the printer using a quantitative medium nozzle with an opening of the aforementioned configurations wherein the 
cut-off portions face the discharge medium nozzle, the quantitative medium is sure to be pushed toward the discharqe 
medium nozzle. 

In the printer using a quantitative medium nozzle with an opening. of the aforementioned configurations the quan- 
titative med.um is further sure to be pushed toward the discharge nozzle because the discharge medium nozzle open- 
ing and the quantitative medium nozzle are arranged symmetrically with respect to a line connecting the center of the 
discharge medium nozzle opening and the center of the quantitative medium opening when the cut-off portion is 
restored 

Thus, a printer having a quantitative medium nozzle with an opening of the aforementioned configurations also 
enables to mix a discharge medium with an accurate quantity of a quantitative medium according to a gradation step, 
and to discharge the obtained mixture for accurately expressing the gradation step. 

The discharge medium nozzle may have an opening of other than a circular shape such as a rectangular opening 
and a polygonal opening. 
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In the aforementioned printer, a single quantitative medium nozzle faces one discharge medium nozzle. However, 
it is also possible to arrange a plurality of quantitative medium nozzles so as to face one discharge medium nozzle. 

Fig. 23 shows a discharge medium nozzle 77 surrounded by four quantitative medium nozzles 78. 79, 80, and 81 
each having a crescent shape. In such a case when a plurality of quantitative nozzles 78, 79, 80. and 81 are arranged 

5 for a single discharge medium nozzle, it is possible to simultaneously mix different colors for discharge. That is, a full 
color expression is enabled by a single droplet. In this case, the four quantitative medium nozzles are assumed to be 
used for Yellow. Cyan, Magenta, and Black. 

In a case when the quantitative medium nozzle opening has a corner, a dye solved in the ink may be caught in the 
corner where the dye is dried and solidified. To cope with this, it is possible to make the corner round, as shown in Fig. 

10 24, so as to prevent solidification of the dye in the corner. 

Moreover, as shown in Fig. 25A and Fig. 25B, it is also possible to provide a groove portion 86 to connect a dis- 
charge medium nozzle 84 with a quantitative medium nozzle 85 having a crescent opening. This groove portion 86 
serves as a guide from the quantitative medium nozzle 86 to the discharge medium nozzle 84 and the quantitative 
medium is further assured to be pushed toward the discharge medium nozzle. 

75 In the aforementioned embodiment, the nozzle plate is subjected to a treatment for liquid repellence over an entire 
nozzle opening surface. However, it is also possible to carry out a non-liquid-repellence treatment or a hydrophilic treat- 
ment for a region between the discharge medium nozzle opening and the quantitative medium nozzle opening. That is, 
as shown in Fig. 26, it is possible to provide a non -liquid-repellent portion 89 connecting an opening of the quantitative 
medium nozzle 88 with an opening of the discharge medium nozzle 87. Because this non-iiquid-repelient portion 89 

20 easily gets wet. it serves as a guide for the quantitative medium to be further assured to be pushed toward the dis- 
charge medium nozzle. : ' 

Furthermore, instead of the non-liquid-repellent portion 89, it is possible to provide a hydrophilic portion, which fur- 
ther assures to push the quantitative medium toward the discharge medium nozzle. 

As a printer according to the present invention, there can be exemplified such that having a printing head as sche- 
25 matically shown in Fig. 27B. That is, a nozzle plate 101 has a nozzle opening surface 101b covered with a protection 
layer 102 made from a metal or the like for protecting nozzle opening portions. The protection layer 102 has through 
holes 103 and 107 which actually serve as nozzle openings. 

As schematically shown in Fig. 27A and Fig. 27B, a first nozzle portion 104 serving as a quantitative medium noz- 
zle provided in the nozzle plate 101 has a crescent-shaped cross section over its entire length, whereas a second noz- 
30 zle portion 1 06 serving as a discharge nozzle has a circular cross sectibn over its entire length. Note that the first nozzle 
portion 104 is formed with an inclination with respect to the thickness direction of the nozzle plate 101, so as to 
approach the opening of the second nozzle portion 106. The circular through hole 103 is formed at a position corre- 
sponding to the first nozzle portion 104 in the protection layer 102, and the circular through hole 107 is provided at a 
position corresponding to the second nozzle portion 106 in the protection layer 102. 
35 That is, the through hole 103 having a circular cross section and provided at the position corresponding to the first 
nozzle portion 104 actually serves as an opening portion of the quantitative medium nozzle which has a crescent? 
shaped cross section along a line orthogonally crossing the center line of the quantitative nozzle. The through hole 107 
provided at the position corresponding to the second nozzle substantially serves as the opening portion of the dis- 
charge medium nozzle. 

40 The quantitative medium nozzle and the discharge medium nozzle formed in the aforementioned resin plate by exi- 
mer laser processing do not always have a sufficient mechanical strength and may be damaged by an operation of a 
blade which is generally used in the ink-jet printer. Taking consideration on such a situation, the protection layer 101 
protects the first nozzle portion and the second nozzle portion which substantially open at a lower position than the sur- 
face of the protection layer 101 . and prevents the nozzles from being mechanically damaged. 

45 Each of the through holes 103 and 107 in the protection layer may be filled with a meniscus of the quantitative 
medium and the discharge medium, respectively, because of the physical characteristics of quantitative medium and 
the discharge medium such as a surface tension and the wettability of the nozzle opening surface 101b and the pro- 
tection layer 102. In this case, the substantial opening portion of the quantitative nozzle and the discharge medium are 
circular has been described above. In spite of this, the quantitative medium is pushed at a velocity of several tens of 

so centimeters to several meters per second in the crescent shape and tends to form a sphere, i.e., actually a hemisphere 
by its surface tension. This force can be utilized to orient the quantitative medium toward the discharge medium nozzle. 

In the printer according to the present embodiment, as schematically shown in Fig. 28, in the cross section C which 
orthogonally crosses the center tine of the first nozzle portion 104 serving as the quantitative medium nozzle, the rela- 
tionship between the cross-sectional shape of the first nozzle portion 104 serving as the quantitative medium nozzle 

£5 and the cross-sectional shape of the second nozzle portion 106 serving as the discharge medium nozzle is similar to 
the relationship shown in Fig. '8 and Fig. 9. Thus, the quantitative medium is oriented toward the discharge medium noz- 
zle. 

However, this effect of orientation becomes zero when the hemispheric shape is complete. After this, the quantita- 
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tive medium seeps out toward the discharge medium nozzle by the inertia of the preceding motion of the liquid and the 
flow vector generated by the inclination of the quantitative medium nozzle toward the discharge medium nozzle. 

Fig. 29 shows another configuration of the printing head of the printer according to the present invention which 
configuration is similar to the configuration shown in Fig. 27, and is characterized in that a through hole 1 1 3 provided in 
the protection layer 102 at a position corresponding to the first nozzle 1 serving as the quantitative medium nozzle is 
formed with an inclination with respect to the thickness direction of the protection layer 102. The other portions are the 
same as in the configuration shown in Fig. 27, and their explanations are omitted. That is. in this printer, similar effects 
can be obtained as in the printer shown in Fig. 27. 

Consequently, it is possible to make the quantitative medium seep out toward the discharge medium nozzle if the 
quantitative medium nozzle has such an opening shape and/or has at least a portion with such a shape of a cross sec- 
tion orthogonally crossing the center line of the nozzle that a distance from the center of the inscribed circle to the near- 
est end point on the discharge medium nozzle is greater than the distance from the center of the circumscribed circle 
to the nearest end point on the discharge medium nozzle. 

However, in this embodiment such effects are decreased if the nozzle opening portion is too long, i.e., if the pro- 
tection layer is too thick. Moreover, the effects are increased when the portion having a crescent cross section is in the 
vicinity of the opening. 

What has been described above will now be explained from a different point of view. Liquid when floating in a space 
or in another liquid having no compatibility tends to form a sphere of the smallest surface area when the liquid is in the 
most stable state. If the liquid is in a form other than the sphere, it tends to become a hemisphere and finally becomes 

20 a sphere which is the most stable state. 

When liquid is attached to a solid body, a hemisphere (or an almost hemispheric form) is the most stable state. If 
the solid body has a small surface tension, i.e., if the solid body has a high liquid repellence, a so-called contact angle 
becomes greater and the hemisphere approaches a sphere. On the contrary, when the solid body has a great surface 
tension, i.e., if the solid body has a small liquid repellence, the contact angle becomes smaller and the hemisphere 

25 becomes more flat. If the liquid is in a form other than the hemisphere, it tends to become a hemisphere. If no factors 
of prevention such as a contamination on the surface are present, the liquid finally becomes a hemisphere which is the 
most stable state. 

Consequently, if liquid attached to a solid surface is made into a form distorted from a hemisphere, the liquid tends 
to form a hemisphere. The present invention utilizes this property of liquid. That is, the quantitative medium is pushed 
30 out of the quantitative medium nozzle in a non-circular form or in a form distorted from an isotropic form so that the 
quantitative medium tends to form a hemisphere to minimize its surface area by the surface tension by itself seeping 
out toward the discharge medium nozzle. 

This effect is especially increased when the quantitative medium is pushed out in a hemispheric or an isotropic form 
having an indentation facing the discharge medium nozzle. 

According to the present invention, there is also such a effect that a significantly small quantity of the quantitative 
medium can be mixed. That is, in a case when the quantitative medium is an ink liquid and the discharge medium is 
diluent, there is a possibility to realize a lower concentration. 

In order to supply the quantitative medium to the discharge medium, it is necessary that the quantitative medium 
pushed out break to seep out in the direction from the quantitative medium nozzle to the discharge medium nozzle. If 
the quantitative medium remains as forming a meniscus without breakage to spread out, the quantitative medium 
returns into the quantitative medium nozzle when the pressure from the quantitative medium chamber is reduced. 

When the quantitative medium is pushed out at the same flow rate, the quantitative medium from a crescent shape 
of the nozzle breaks earlier than the quantitative medium from an elliptic shape of the nozzle. In other words the mini- 
mum quantity required for breakage is smaller when the crescent shape is used, and a smaller quantity of the discharge 
45 medium can be mixed with the discharge medium. 

For confirming this effect, the following test was carried out, That is. a quantitative medium nozzle having an elliptic 
opening and a quantitative medium nozzle having a crescent opening were used so as to check the gradation step char- 
acteristics. 

The voltage (0 to 1 0 [V]) of the first layered piezoelectric device was divided into 1 6 steps for pushing out the quan- 
so titative medium for printing patterns of 16 concentration gradation steps, and the reflection concentration was deter- 
mined for each of the gradation steps. The quantitative medium was ink and the discharge medium was diluent. 

Fig. 30 shows results of the crescent opening of the quantitative medium nozzle and Fig. 31 shows the results of 
the elliptic opening of the quantitative medium. In Fig. 30 and Fig. 31 , the horizontal axis represents the gradation step 
and th - vertical axis represents the reflection concentration of the printed pattern. When Fig. 30 is compared to Fig. 31 . 
55 it is clear that the crescent opening of the quantitative medium nozzle enables to obtain a more preferable control of the 
concentration including the lowest gradation step (lowest concentration). Thus, it is possible to realize printing of a lower 
concentration. 

It should be noted that the aforementioned various examples may be employed in various combinations and can 
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be modified in various ways within the scope of the present invention. 

Although the aforementioned embodiment is serial type printer, the present invention can also be applied to a line 
type printer and a rotary type printer. 

Fig. 32 shows a configuration of the aforementioned line type printer. In this Fig. 32, components corresponding to 

5 the components of the printer of Fig. t are denoted with the same symbols, and their explanations are omitted. The con- 
trol block is not depicted, either. 

In this line type printer, a line head 90 consisting of a number of printing heads (not depicted) is fixed in the direction 
of a shaft of a drum 2. In this line type printer, the line head 90 simultaneously carries out printing of onejine. When a 
line printing is complete, the drum 2 is rotated by one line in the direction indicated by an arrow "m" in the figure so that 

w a following line can be printed. In this case, it is possible to carry out printing by the entire line all at once or by several 
blocks divided or alternately for every other line. 

Fig. 33 shows a configuration of the drum rotary type printer. In this Fig. 33, components corresponding to the com- 
ponents of the printer of Fig. 1 are denoted with the same symbols, and their explanations are omitted. The control block 
is not depicted, either. In this printer, when the drum 2 is rotated, the printing head 91 discharges ink for forming an 

75 image on the printing paper 1 in synchronization with the rotation of the drum 2. When the drum has made one turn in 
the direction of "m" in the figure and printing of one column is complete, the feed screw 5 rotates to move a printing head 
91 by one pitch in the direction indicated by an arrow M* for printing a following column. In this case, it is also possible 
to simultaneously rotate the drum 2 and the feed screw 5 so that the printing head 91 is gradually moved while carrying 
out a printing. In the case of a multi-head type or one section is to be printed repeatedly several times, a spiral state of 

20 printing is carried out by interlocking the drum 2 with the feed screw 5. 

As can be understood from the explanation above, in the printer according to an aspect of the present invention, a 
quantitative medium nozzle for pushing out a quantitative medium is provided separately from a discharge medium noz- 
zle for discharging a discharge medium. Consequently, during a wait period of time, the quantitative medium will not be 
brought into contact with the discharge medium, and they are assured to be separated from each other. Moreover, dur- 

25 ing a mixing-discharging operation, no unnecessary flow-in of the quantitative medium and the discharge medium into 
wrong nozzles will not be caused. 

In the printer according to another aspect of the present invention, the quantitative medium nozzle has an opening 
adjacent to an opening of the discharge medium nozzle. Consequently, the quantitative medium which seeps out from 
the quantitative medium nozzle is assured to be supplied to the discharge medium nozzle. 

30 In the printer according to still another aspect of the present invention, the opening of the quantitative medium noz- 
zle has such a configuration that the distance between the center of the circumscribed circle of this opening and the 
nearest point on the opening of the discharge medium nozzle is smaller than the distance between the center of the, 
inscribed circle of this opening and the nearest point on the opening of the discharge medium nozzle. Consequently, 
the quantitative medium is assured to be pushed out toward the discharge rnedium nozzle. 

35 In the printer according to yet another aspect of the present invention, the opening of the quantitative medium nozr 
zle has such a configuration that the nearest point on the bpening end of the quantitative medium nozzle from the center 
of figure faces the adjacent discharge medium nozzle. Consequently, the quantitative medium is further assured to be 
pushed out toward the discharge medium nozzle. 

In the printer according to still yet another aspect of the present invention, the opening of the quantitative medium 

40 nozzle has such a configuration that a cut-off portion faces the discharge medium nozzle. Consequently, the quantita- 
tive medium is still further assured to be pushed out toward the discharge medium nozzle through this cut-off portion. 

Therefore, in the printer according to the present invention, it is possible to completely prevent mixing of the quan- 
titative medium with the discharge medium during a wait period of time, thus enabling to mix the discharge medium with 
an accurate quantity of the quantitative medium according to a gradation step, so as to express the gradation step accu- 

45 rately. 

It should be noted that when the opening of the quantitative medium nozzle has the aforementioned configuration, 
the quantitative medium is still further assured to be pushed out toward the discharge medium nozzle on the condition 
that the discharge medium nozzle opening and the quantitative medium nozzle are arranged symmetrically with respect 
to a line connecting the center of the discharge medium nozzle opening and the center of the quantitative medium 
so opening when the cut-off portion is restored. 

Claims . 

1 . A printer having a first nozzle and a second nozzle which are positioned adjacent to each other, wherein a first iiq- 
55 uid is made to seep out from said first nozzle to said second nozzle and a second liquid is discharged from said 
second nozzle, so that said first liquid is mixed with said second liquid and an obtained mixture droplet is dis- 
charged outward, 

said first liquid is given a force to advance to said second nozzle by utilizing the property of liquid to minimize 
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its surface area by surface tension. 

2. A printer as claimed in Claim 1 , wherein said first nozzle has a non-circular opening and/or a portion having a non- 
circular cross section, so as to generate a force for said quantitative medium to advance to said second nozzle. 

5 

3. A printer as claimed in Claim 1, wherein said first liquid is a quantitative medium and said second liquid is a dis- 
charge medium. 

4. A printer as claimed in Claim 3, wherein said quantitative medium is ink and said discharge medium is diluent. 

10 

5. A printer comprising a printing head having: a discharge medium pressure chamber into which a discharge medium 
is introduced; a quantitative medium pressure chamber into which a quantitative medium is introduced; a discharge 
medium nozzle which communicates with said discharge medium pressure chamber; and a quantitative medium 
nozzle which communicates with said quantitative medium pressure chamber; said discharge medium nozzle and 

is said quantitative nozzle having openings adjacent to each other, wherein the quantitative medium is made to seep 
out from said quantitative medium nozzle to said discharge medium nozzle and after this, the discharge medium is 
discharged from said discharge medium nozzle so as to be mixed with the quantitative medium so that a mixture 
obtained is discharged, 

said quantitative nozzle having an opening of such a shape and/or a portion with a cross section of such a 
20 shape orthogonally crossing the center line of said quantitative medium nozzle that the distance from the center of 
the inscribed circle of said shape to the nearest end point of said discharge medium nozzle is greater than the dis- 
tance from the center of circumscribed circle of said shape to the nearest end point of said discharge medium noz- 
zle. 

25 6. A printer as claimed in Claim 5, wherein said quantitative medium nozzle has an opening of such a shape that the 
distance from the center of the inscribed circle of said shape to the nearest end point of said discharge medium 
nozzle is greater than the distance from the center of the circumscribed circle of the shape to the nearest end point 
of said discharge medium nozzle. 

30 7. A printer as claimed in Claim 5, wherein said quantitative medium nozzle has an opening of an almost elliptic shape 
and an intermediate portion with a cross section orthogonally crossing the center line of said quantitative medium 
nozzle and having such a shape that the distance from the center of the inscribed circle of said shape to the nearest 
end point of said discharge medium nozzle is greater than the distance from the center of the circumscribed circle 
of said shape to the nearest end of said discharge medium nozzle. 

35 

8. A printer as claimed in Claim 5, wherein said quantitative medium nozzle has an opening of a crescent shape 
and/or an intermediate portion with a cross section of a crescent shape orthogonally crossing the center line of said 
quantitative medium nozzle. 

40 9. A printer as claimed in Claim 5, wherein said quantitative medium nozzle has an opening of such a shape and/or 
an intermediate portion with a cross section of such a shape orthogonally crossing the center line 3 of said quantita- 
tive medium nozzle that said shape is formed by a curved line. 

10. A printer as claimed in Claim 5, wherein said quantitative medium nozzle is formed to be inclined in such a manner 
45 that the center line of said quantitative medium nozzle forms the minimum angle less than 90 degrees against the 
opening plane and approaches said discharge medium nozzle as approaching the opening of said quantitative 
medium nozzle. 



1 1. A printer as claimed in Claim 5, wherein said discharge medium nozzle is surrounded by openings of a plurality of 
so said quantitative medium nozzles/ 

12. A printer as claimed in Claim 5, wherein a groove is formed connecting the opening portion of said discharge 
medium nozzle and the opening portion of said quantitative medium nozzle. 

55 13. A printer as claimed in Claim 5. wherein said discharge medium nozzle and said quantitative medium nozzle are 
formed in a plate-shaped member having a nozzle opening surface which has been treated by a liquid repellence 
processing. 
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14. A printer as claimed in Claim 13, wherein the opening portion of said discharge medium nozzle and the opening 
portion of said quantitative medium nozzle have been treated by non-liquid-repellence processing. 

15. A printer as claimed in Claim 13, wherein the opening portion of said discharge medium nozzle and the opening 
5 portion of said quantitative nozzle have been treated by hydrophilic processing. 

1 6. A printer comprising a printing head having: a discharge medium pressure chamber into which a discharge medium 
is introduced; a quantitative medium pressure chamber into which a quantitative medium is introduced; a discharge 
medium nozzle which communicates with said discharge medium pressure chamber; and a quantitative medium 

10 nozzle which communicates with said quantitative medium pressure chamber; said discharge medium nozzle and 
said quantitative nozzle haying openings adjacent to each other, wherein the quantitative medium is made to seep 
out from said quantitative medium nozzle to said discharge medium nozzle and after this, the discharge medium is 
discharged from said discharge medium nozzle so as to be mixed with the quantitative medium so that a mixture 
obtained is discharged, ' . 

is said quantitative nozzle having an opening of such a shape and/or a portion with a cross section of such a 

shape orthogonally crossing the center line of said quantitative medium nozzle that said shape has a cut-off portion 
facing said discharge medium nozzle having an opening adjacent to said quantitative nozzle. 

1 7. A printer as claimed in Claim 1 6, wherein said quantitative medium nozzle has an opening of a shape having a cut- 
20 off portion facing said discharge medium nozzle having an opening adjacent to said quantitative nozzle. 

A printer as claimed in Claim 16, wherein said quantitative medium nozzle has an elliptic opening and an interme- 
diate portion having a cross section orthogonally crossing the center line of said quantitative medium nozzle, said 
cross section having a cut-off portion facing an adjacently formed discharge medium nozzle. 

A printer as claimed in Claim 16. wherein said quantitative medium nozzle has an opening of a symmetric shape 
and/or at least an intermediate portion having a cross section of a symmetric shape orthogonally crossing the 
center line of said quantitative medium nozzle, said symmetry being with respect to a line connecting a center of 
an opening and/or cross section of an adjacently formed discharge medium nozzle and the center of the opening 
and/or the cross section of said quantitative medium nozzle with the cut-off portion restored. 

A printer as claimed in Claim 19, wherein said quantitative medium nozzle has a circular or elliptic opening and/or 
at least an intermediate portion having a circular or elliptic cross section orthogonally crossing the center line of 
said quantitative medium nozzle when the cut-off portion is restored. 

A printer as claimed in Claim 1 9, wherein said quantitative medium nozzle has a polygonal opening and/or an inter- 
mediate portion having a polygonal cross section orthogonally crossing the center line of said quantitative medium 
nozzle when the cut-off portion is restored. 

40 22. A printer as claimed in Claim 16. wherein said cut-off portion of the opening of said quantitative medium nozzle 
and/or the cross section orthogonally crossing said quantitative medium nozzle is an arc. 

23. A printer as claimed in Claim 16, wherein said cut-off portion of the opening of said quantitative medium nozzle 
and/or the cross section orthogonally crossing said quantitative medium nozzle has an angular shape. 

45 

24. A printer as claimed in Claim 16, wherein said quantitative medium nozzle has a crescent opening and/or at least 
an intermediate portion having a crescent cross section orthogonally crossing the center line of said quantitative 
medium nozzle. 

so 25. A printer as claimed in Claim 1 6, wherein said quantitative medium nozzle has an opening formed by a curved line 
and/or at least an intermediate portion having a cross section formed by a curved line orthogonally crossing the 
center line of said quantitative medium nozzle. 

A printer as claimed in Claim 1 6, wherein said quantitative medium nozzle is formed to be inclined in such a manner 
that the center line of said quantitative medium nozzle forms the minimum angle less than 90 degrees against the 
opening plane and approaches said discharge medium nozzle as approaching the opening of said quantitative 
medium nozzle. 
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27. A printer as claimed in Claim 16, wherein said discharge medium nozzle is surrounded by openings of a plurality 
of said quantitative medium nozzles. 

28. A printer as claimed in Claim 16, wherein a groove is formed connecting the opening portion of said discharge 
5 medium nozzle and the opening portion of said quantitative medium nozzle. 

29. A printer as claimed in Claim 16 t wherein said discharge medium nozzle and said quantitative medium nozzle are 
formed in a plate-shaped member having a nozzJe opening surface which has been treated by a liquid repellence 
processing. 

10 

30. A printer as claimed in Claim 29, wherein the opening portion of said discharge medium nozzle and the opening 
portion of said quantitative medium nozzle have been treated by non-liquid-repellence processing. 

31. A printer as claimed in Claim 29, wherein the opening portion of said discharge medium nozzle and the opening 
is portion of said quantitative nozzle have been treated by hydrophilic processing. 

32. A printer comprising a printing head having: a discharge medium pressure chamber into which a discharge medium 
is introduced; a quantitative medium pressure chamber into which a quantitative medium is introduced; a discharge 
medium nozzle which communicates with said discharge medium pressure chamber; and a quantitative medium 

20 nozzle which communicates with said quantitative medium pressure chamber; said discharge medium nozzle and 
said quantitative nozzle having openings adjacent to each other, wherein the quantitative medium is made to seep 
out from said quantitative medium nozzle to said discharge medium nozzle and after this, the discharge medium is 
discharged from said discharge medium nozzle so as to be mixed with the quantitative medium sothat a mixture 
obtained is discharged. 

25 said quantitative nozzle having an opening of such a shape and/or a portion with a cross section of such a 

shape orthogonally crossing the center line of said quantitative medium nozzle that the nearest end point of the 
quantitative medium nozzle from the center of figure of said shape faces an adjacently formed discharge medium 
nozzle. 

30 33. A printer as claimed in Claim 32, wherein said quantitative medium nozzle has an opening of such a shape that the 
nearest end point of said quantitative medium nozzle from the center of figure of said shape faces an adjacently 
formed discharge medium nozzle. 

34. A printer as claimed in Claim 32, wherein said quantitative medium nozzle has at least an intermediate portion hav- 
35 ing a cross section of such a shape orthogonally crossing the center line of said quantitative medium nozzle that 

the nearest end point of said quantitative medium nozzle from the center of figure of said cross-sectional shape 
faces an adjacently formed discharge medium nozzle. 

35. A printer as claimed in Claim 32, wherein said quantitative medium nozzle has a crescent-shaped opening and/or 
40 an intermediate portion having a crescent-shaped cross section orthogonally crossing the center line of said quan- 
titative medium nozzle. 

36. A printer as claimed in Claim 32, wherein said quantitative medium nozzle has an opening of a shape formed by a 
curved line and/or an intermediate portion having a cross section of a shape formed by a curved line orthogonally 

45 crossing the center line of said quantitative medium nozzle. 

37. A printer as claimed in Claim 32, wherein said quantitative medium nozzle is formed to be inclined in such a manner 
that the center line of said quantitative medium nozzle forms the minimum angle less than 90 degrees against the 
opening plane and approaches said discharge medium nozzle as approaching the opening of said quantitative 

so medium nozzle. 

38. A printer as claimed in Claim 32, wherein said discharge medium nozzle is surrounded by openings of a plurality 
of said quantitative medium nozzles. 

55 39. A printer as claimed in Claim 32. wherein a groove is formed connecting the opening portion of said discharge 
medium nozzle and the opening portion of said quantitative medium nozzle. 

40. A printer as claimed in Claim 32, wherein said discharge medium nozzle and said quantitative medium nozzle are 
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formed in a plate-shaped member having a nozzle opening surface which has been treated by a liquid repellence 
processing. 

41. A printer as claimed in Claim 40. wherein the opening portion of said discharge medium nozzle and the opening 
portion of said quantitative medium nozzle have been treated by non-liquid-repellence processing. 

42. A printer as claimed in Claim 40 f wherein the opening portion of said discharge medium nozzle and the opening 
portion of said quantitative nozzle have been treated by hydrophilic processing. 
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